In a series of 146 patients with mitral stenosis studied by cardiac catheterization, 60 were found to have right atrial pressure curves diagnostic of tricuspid insufficiency. The clinical and hemodynamic features of these patients are reviewed. The oft-cited, classic manifestations of tricuspid insufficiency were found with relative infrequency and the diagnosis had been made clinically in less than one fourth of the cases. Modification of criteria for the diagnosis of tricuspid insufficiency is suggested.
In a series of 146 patients with mitral stenosis studied by cardiac catheterization, 60 were found to have right atrial pressure curves diagnostic of tricuspid insufficiency. The clinical and hemodynamic features of these patients are reviewed. The oft-cited, classic manifestations of tricuspid insufficiency were found with relative infrequency and the diagnosis had been made clinically in less than one fourth of the cases. Modification of criteria for the diagnosis of tricuspid insufficiency is suggested.
INSUFFICIENCY of the tricuspid valve (T.I.) produces characteristic alterations in the right atrial and peripheral venous pressure curves.'-3 The essential component of these alterations is an increase in pressure during ventricular systole. Clinical diagnosis of the lesion has been dependent on recognition of this systolic pulsation in the systemic veins, chiefly those of the neck and liver.
The right atrial pressure curve that was originally described by Bloomfield and associates3 as diagnostic of tricuspid insufficiency has been found with surprising frequency among patients with advanced mitral disease. [4] [5] [6] Failure to recognize the tricuspid lesion clinically in a very large proportion of the cases suggested that the present diagnostic criteria may be too stringent. Accordingly, with the purpose of identifying the most common manifestations of tricuspid insufficiency, a review was made of the clinical features of 60 patients with chronic rheumatic heart disease and predominant mitral valvular involvement in whom associated tricuspid insufficiency was demonstrated by cardiac catheterization. In addition the hemodynamic data obtained in these patients was analyzed and compared with those from a group of patients without tricuspid insufficiency but with a similar degree of mitral involvement.
MATERIAL AND METHODS
The material for this study consisted of 60 patients with chronic rheumatic heart disease and moderate to severe mitral stenosis. Almost all were undergoing evaluation for mitral valvuloplasty. Some degree of mitral insufficiency was present in 41 and at valvuloplasty was usually estimated to be mild. Ten patients had an associated aortic lesion. The average age was 40.6 years (range, 21 to 60). The 40 females had an average age of 41.9 years (range, 24 to 60); the 20 males, 38 years (range, 21 to 52).
In the analysis of the clinical features particular attention was paid to the following criteria listed by The Criteria Committee of the New York Heart Association as diagnostic of tricuspid valve disease: cyanosis, often combined with icterus; distended neck veins, which may show unusually marked pulsations; rare orthopnea; frequent auricular fibrillation; enlarged liver, which may show unusually marked pulsations; recurrent ascites; enlargement of the right atrium and clear lung fields at the roentgenologic examination; right axis deviation of QRS in the electrocardiogram. Particularly suggestive of tricuspid insufficiency are: systolic pulsation of the cervical veins and often of the veins of the extremities and systolic expansile pulsation of the liver. The Committee states: "The clinical diagnosis of tricuspid valve deformity, although difficult, can be made correctly in an appreciable number of instances. It should not be made in the presence of congestive failure, since then tricuspid incompetency is frequently present. It should be suspected in a rheumatic patient with mitral stenosis who has persistently enlarged liver, engorged neck veins and recurrent ascites, but who is free of orthopnea. Murmurs rarely contribute to the diag-nosis of this valvular deformity since it is difficult or impossible to distinguish them from the murmurs of mitral stenosis and insufficiency which are almost invariably present in these patients."
The clinical signs reported herein were observed during hospitalization of each patient for cardiac catheterization. All patients were receiving digitalis; those who had cardiac failure were under as optimum medical control as was deemed possible at time of catheterization.
Conventional roentgenograms of the chest, available in 59 cases, were examined with regard to overall cardiac size, right atrial enlargement and pulmonary vascular congestion. An estimate of the degree of enlargement of the right atrium was based on the distance the atrial border protruded to the right from the midline of the thorax in the posteroanterior roentgenogram. The distance was 4 cm. or less for slightly enlarged atria, 4 The angiocardiograms confirmed these findings with otte exception; a right atrium (Oonsidered to be slightly enlarged in the conventional roentgenograms was found to be within normal limits. The angiocardiographic "jet sign" (fig. 6 ), a filling defect produced in the opacified right atrium by the regurgitant blood stream," was found in only seven of the most severe (ases. In all instances the angiocardiograms revealed a large left atrium, distended pulmonary veins and arteries the pulmonary congestive phenomena typical of advanced mitral disease. Angiocardiography was of aid in distinguishing between right and left atrial enlat'gement, particularly in those ('ases in which the left, atriumn protruded so far to the right as to form most of the right cardiac border aitd thereby obscute the true size of the right atrtium ( fig. 6 ). The occasionally transient nature of functional tricuspid insufficiency has been recognized clinically for many years25 26 and has been confirmed by Bloomfield and associates, who demonstrated in some patients reversion of the configuration of the right atrial pressure curve from one characteristic of tricuspid insufficiency during cardiac failure to normal after compensation was restored.' However, there would appear to be a point in the course of a patient with mitral stenosis when dilatation of the right ventricle and tricuspid valve ring is so advanc(eed that normal valvular function is not restored faith compensation. Auricular fibrillation, which was present in almost all of ouir patients, undoubtedly plays a role in the development or aggravation of functional tricuspid inisuffi(ienc(y. Little2" has demonstrated that atrial systole is essential to normal closure of the atrioventricular valves. Atrial systole creates an increase in pressure that is transmitted to the venitricle. Transmission of this pressure wave is so delayed that it is at its peak in the right ventricle weheni the atrium is relaxing. A gradient of pressure from ventricle to atrium is thus established and is sufficient to produce adequate closure of the valve just prior to the onset of ventricular systole. When the ventricle contracts withouit a preceding atrial systole, the valves swing (lose with a hinge-like movement during early systole. Because of this delay in closure, regurgitation through the incompletely approximated valve edges occurs readily.
Frequent organic deformities of the valve, dilatation of the valve ring, auricular fibrillation and severe modifications of the pulmonary circulation appear to contribute to the high incidence of tricuspid insufficiency in mitral stenosis. The respective importance of each of these factors in the individual patient cannot be readily assessed.
In 1868 Duroziez28 stated that involvement of the tricuspid valve is suggested when a cyanotic patient with distended neck veins, at times with edema and ascites, is able to maintain recumbency without discomfort. If to such a description is added auricular fibrillation, systolic pulsation of the liver and neck veins and a systolic murmur at the lower left sternal border, the unequivocally diagnostic picture is completed. The present evidence, however, clearly indicates that almost all of these signs occur with relative infrequency and that they are most apt to be present in patients with very high right atrial pressures and severer degrees of regurgitation. If the diagnosis of tricuspid insufficiency is dependent on recognition of these features, it will be made in only one fourth of the cases with definite physiologic manifestations of the lesion.
The high incidence of orthopnea among our patients deserves comment. All patients had mitral stenosis with the hemodynamic and roentgenographic alterations in the lulngs and the pulmonary symptoms characteristic of this lesion. Why tricuspid insufficiency should cause disappearance of orthopnea when other clinical and physiologic evidences of severe mitral stenosis persist is not readily explained. Certainly the majority of the patients with severe tricuspid insufficiency manifested considerable orthopnea. Among those without this symptom only one had the other associated classic features of severe tricuspid insufficiency.
The transient nature of the murmur of tricuspid insufficiency, the difficulty in distinsguishing it from the murmur of mitral insufficiency, its accentuation by inspiration have been noted in the literature.' 12, 29 The murmur is not always accentuated by inspiration when mitral disease coexists.'2 Although it is ustjullv heard best along the left sternal border in the fourth and fifth intercostal spaces, it can be heard above this point or close to the apex. 12 The systolic murmur attributed to mitral insufficiency in a number of our patients in whom no evidence of mitral insufficiency was found at surgery could have been due to tricuspid insufficiency.
In contrast with the infrequency of the classic signs of tricuspid insufficiency, auricular fibrillation, persistent enlargement of the liver and increased size of the right atrium were the most constant findings. These signs in a patient with rheumatic mitral disease who has a history of previous right-sided failure that has required mercurial administration for control should suggest the diagnosis of tricuspid insufficiency. The sheer frequency of the lesion in patients with auricular fibrillation lends considerable support to such a diagnosis.
A QRS complex in V, of small amplitude (i.e., less than 0.7 millivolt) and with a delayed onset of intrinsicoid deflection is the electrocardiographic feature that most consistently and with great statistical significance distinguishes patients with mitral disease and tricuspid insufficiency from those without insufficiency of the tricuspid valve. In a number of instances the small QRS in V1 was of rsR' configuration, which together with the delay in intrinsicoid deflection constituted the pattern of incomplete right bundle branch block. Because of the many factors influencing the electrocardiogram in this situation, it is not possible to state that tricuspid insufficiency alone is responsible for these alterations. However, in 62.6 per cent of 50 patients with autopsyproved tricuspid insufficiency Aceves and Carral14 also found the onset of intrinsicoid deflection in V, and V2 to be prolonged beyond 0.04 second. In other publications an incidence of 47 to 65 per cent of right bundle branch block has been cited. 30' 31 According to Cabrera and Monroy,32 the characteristic electrocardiographic pattern associated with a lesion that produces diastolic overloading of the right ventricle (i.e., interatrial septal defect) in contrast to one producing systolic overloading (i.e., pulmonic stenosis) is complete or incomplete right bundle branch block. Tricuspid insufficiency is a diastolic overloading lesion. Electrocardiograms taken before and after the onset of tricuspid insufficiency in a patient with mitral stenosis and published by these authors demonstrate a decrease in the voltage of QRS in V1 from 0.9 to 0.4 millivolt after the tricuspid regurgitation had developed. 32 Persistent hepatomegaly, enlargement of the right atrium and many of the other signs of tricuspid insufficiency are essentially the result of right atrial and systemic venous hypertension. Since right ventricular failure may produce these changes, their diagnostic usefulness may be questioned. The fact remains, however, that the right atrial and venous pressures are chronically and persistently higher (in tricuspid insufficiency, despite vigorous cardiac therapy) than when the valve is competent. Continued elevation of the venous pressure and signs thereof after full cardiac compensation is achieved can be regarded as presumptive evidence of a tricuspid lesion.
By its congestive effect on the venous system and consequent elevation of hydrostatic pressure in the venules and capillaries, tricuspid insufficiency is conducive to the development of edema even if the right ventricle is functioning normally. Aside from increasing filtration of fluid through the peripheral capillaries venous hypertension promotes edema in other ways. There is evidence that elevation of the renal venous pressure above 150 mm. H20 is followed by a decrease in excretion of sodium and water because of augmented tubular reabsorption. 33 More recently it has been demonstrated that congestion of any sizable segment of the peripheral venous bed induces similar changes in renal function.3436 Objection has been raised to the application of these observations to the problem of edema in chronic cardiac failure because of the acute nature of the experiments. However, the marked and brisk rise in atrial and venous pressures that occurs with even mild exercise in tricuspid insufficiency represents an acute experiment that may be repeated many times in the course of the patient's day. These considerations are important in explaining the ease with which patients with tricuspid insufficiency accumulate edema and the frequency of mercurial diuretic administration required for its control. We have therefore applied the term right-sided failure rather than right ventricular failure to patients with tricuspid insufficiency.
There is a need for the recognition of factors that may limit the beneficial effects of corrective surgical procedures on the mitral valve. Tricuspid insufficiency is such a factor. We have seen occasional patients with mitral stenosis and severe tricuspid insufficiency who had some relief of pulmonary symptoms after mitral valvuloplasty but who continued to manifest signs of tricuspid insufficiency and recurrent edema and ascites. Although it is not a contraindication to the operation, the impression is that patients with tricuspid insufficiency do not improve either hemodynamically or clinically after mitral valvular surgery as well as those without the lesion. An adequate and long term evaluation of many patients is needed before this impression can be substantiated. Such a study is thwarted from the start if the tricuspid insufficiency with its distinct hemodynamic effects is not recognized preoperatively. 
SUMMARY

